Many factors are known to affect the thermostability of various types of enzymes (2, 10) . Manson and Pollock (9) investigated the thermostability of crude penicillinase from several species of Bacillus, as well as that of commerical preparations of the enzyme. These workers found that certain enzyme preparations could be protected by the addition of gelatin or other high molecular weight substances. They suggested that the formation of a complex between gelatin and enzyme molecules was responsible for the greater thermostability. Smith and Gardner (12) investigated the effect of heat treatment on the lecithinase of Clostridium perfringens. Lecithinase was inactivated at 65 C, but reactivation occurred when the sample was reheated to a higher temperature (100 C). A similar type of reactivation was observed by Hofstee (6) with crystalline urease. The effect of metal ions on thermostability of proteins in general has been demonstrated by Greenberg (5) and Schneyer (11) . 1 Presented in part as a preliminary report at the Annual Meeting of the American Society for Microbiology, Washington, D.C., 4 
RESULTS
Effect ofheating on penicillinase activity. Heating of a crude culture filtrate to 100 C results in a loss of 70 to 80% of the penicillinase activity within the first 2 min (Fig. 1 ). Heating at 70 C resulted in complete loss of penicillinase activity in the same time interval. The penicillinase activity remaining after heating at 100 C (20 to 30%) was stable to prolonged heat treatment at temperatures ranging from 40 to 100 C (Fig. 2 ). All attempts to reactivate penicillinase after heating the culture filtrate solution to 70 C by reheating over a wide temperature range were unsuccessful.
Properties ofpenicillinase before and after heat treatment. To further elucidate the nature of the thermostability of the partially purified enzyme, the characteristics of heated and unheated preparations were compared. The pH optimum for both samples was determined by diluting samples of the enzyme in 0.1 M phosphate buffer over the pH range from 5.0 to 8.0. The temperature optimum was determined by varying the temperature of the thermostatically controlled cell chamber from 25 to 45 C. The Km of this penicillinase was determined according to the method of Lineweaver penicillinase. Manson and Pollock (9) observed the thermostabilizing effect of EDTA on penicillinase. Extensive dialysis of the purified penicillinase against deionized water failed to show any requirement for a metal ion, either as a cofactor or as an agent necessary for thermostability. However, partial loss of enzymatic activity occurred when the enzyme was heated in the presence of 0.01 M EDTA. The effect of various metal ions on the thermostability of partially purified penicillinase is shown in Table 4 . It is interesting to note that certain of the metals gave some protection to penicillinase even after heat treatment at 70 C.
DiscussIoN
The penicillinase produced by B. cereus 13-10 has been partially purified. This partially purified preparation exhibited diminished thermostability in comparison with crude culture supematant fluids, suggesting the loss, upon purification, of a substance or substances contributing to the thermostability of the crude enzyme preparations.
However, the activity of the purified enzyme remaining after heating at 100 C exhibited the same stability to heat and denaturing agents as did the enzyme in culture supernatant fluids.
The data presented in Table 2 indicate that the active site of the enzyme has not been altered by heat treatment, since such an alteration might be expected to result in a change in the affinity of the enzyme for its substrate, and would result in a change in the Km value or temperature and pH optima. The change in the Vmaz from 14.3 mmoles per mg per mi for the unheated sample to 5.5 mmoles per mg per min for the heated enzyme suggests a change in the structure of the enzyme which does not involve a change in the structure of the active site, since the combining constants for penicillin G are the same. This may reflect the formation of a complex at 100 C, but not at 70 C, which hinders the entrance of substrate to the active site.
The immediate loss of 80% of enzymatic activity in the crude culture filtrate by heat treatment at 100 C ( Fig. 1) could result from inactivation of unassociated enzyme, whereas the active enzyme remaining (20%) is combined with some protective substance. Manson and Pollock (9) proposed a similar explanation for the increased thermostability of penicillinase in the presence of high concentrations of gelatin and other high molecular weight compounds. These authors, however, made no statement as to the effect of gelatin on stability at temperatures lower than 100 C. Since gelatin has no protective effect at 70 C, it is concluded that complex formation occurs at 100 C but not at 70 C, and that this complex formation is enhanced by the presence of gelatin and other proteins present in the preparation. This is further supported by the fact that purification of the enzyme results in a greater loss of enzyme activity upon heating to 100 C. The active enzyme remaining after heating to 100 C is as stable to further heating over a wide range of temperatures or treatment with denaturing agents as is the crude enzyme.
The formation of a complex or aggregate by heat treatment at 100 C led to a study of the effect of urea on the resistance of the complex. Formation of a stable complex by heat treatment is further suggested by the resistance of the complex to inactivation by urea.
Pectin is known to prevent formation of protein aggregates (4) . The 
